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Introduction

AI the NASA l)ccp  Space Nctw~)Ili  (1 JS\ ) Goldstonc  (kmplcx,  located in the Mojavc
I)cscr[ in (ldiforl~ia,  a 34-]llctcr-(li:t~]li:tc]  b(’i+t  I) \\i+v~[~,l]id~  (11 W(i) antenna, 1 )SS- 13, has bccomc
an intcgra] part of an advanced systems ] )IX)})t  ii!) I ;tncl  a tcs[ bcd fm tcclmologies  being developed
10 introduce Ka-band  (32 G] Iz) frc(jl]cl~cirs  i]lto  Ilw DSN. ‘1’hc antc]ma efficiency at 34 G}lz,  was
found 10 depend significantly on the e]ci’at  i (JI I :it :II,lc, i.e., it dccreascd  from 45’XO  to 35$’o  as the
elevation angle changed from 45 dcg,rccs  to 20 d.~jrccs. ‘J his clevatio]l  an~lc  dcpcndcnce  is due
to the deformation ofthc main rcflcctul c:tll<(tl  h~ the rcsultin[:  chan~,c in gravitational force
applied to the antenna structure.

A proposed tcchniquc  for colt]j  WI M( il II), {I 1 avity - induced structural deformations is to
utilize a deformable flat plate (1)1~1’) il~s[allc(i  :If (JIIC  ofthc mirror locations in the beam
wavcguidc optics.  An initial low cost dcl )N}J)s[l  :]1 I(HI of’ thr technique \vas pcrfm-mcd at 1)SS-13
using a fixed elevation an~]c and a ]iia})willy  acl.jll<[ablc  I) II’J). “1 ‘hc l<hfiS was improved from
0.59 mm for the initial no-corrcctiol]  ila[ j)]ht( to [).49 mm for the initial analytically derived
correcting surface and, finally, to 0.36 n)lri lb] till ll[)l(~g,ra])hy-(lcri~~ccl  lll;l). ‘1’his would
rcprcscnt an improvement of approxinlatcl)’  2,(1 (1 I \ at 32 (;1 IY, ‘1’his problcm  of elevation angle
efficiency dcpcndcncc also occurs tit the N AS /1 ‘1(1- mc.tcr antenna. l{ccause  of the Iargcr
structure, Ihc cffrcicncy  depcndcncc  is cit.vl  grt’a t] g,oing flom 35°/0 at the 45-degree rigging
ang]c to 15(% at 20 degrees. As a soluti(lrl  i(~) tx)tl) systems, a fully actuated lIIJP is being
designed and built. ‘1’hc same plate ivill Iw [c,[cd ill both IIJC 34-nmtm and 70-nlctcr antennas.
lmprovcmcnts  of 1-2 d]] is cxpcctc(l  fw tllc 34 Illctcr  atitc]ina and J11OJC than 3 d]] at low and
high c]cvation  angles for the 70-nlctct  :ultclln.i,,

Approach

‘1’hc approach taken was to tl]or~)uj!li  1! ICS[ the con iponcn(s ard asscmbl  y procedures of
the planned I)IW with a two-actuatol  fIX[uI( to \ 1] ify pcrfornlance  at id minimize risk prior to
installing Ihc fully actuated plate  on Ihc iil Iti’] II Ia I k tcstillg was done in parallc] with the
analysis to dctcrminc optimal actuatol plact’il tc]][ :iod s~rokc  wlilc li]i]]i]ni~,in~  the number of
actuators required.

Analysis

‘1’hc actuator placcmcnt is dctct J i li])c,i  ~lsi] i{! a simulated annealing al[:orithm which can
provide nc.ar optimal results with mit]in~;~l  c n] IpLII :)tional Iimc. As each ncw actuator
configuration is evaluated within th(: ot]t i illi ,Z.atio] I routine, the sti f(i]css  matrix  is altered. q’o
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minimim  computational time, the strm,t  UT c sti 1 iims is ]Iartitionccl  accor(iing to possible actuator
locations and the remaining sttucturc. 11! l]~il II stat ic ~ond~rlsi~tio]l on the partitioned matrix,
only a small subset of the full stiflilrss III; :11 i x l] fldcr~’,ocs rcpcatcd inwv’sion  duri~lg  the iterative
optimization procedure,

in addition to dcterminin~,  the acttlalor  ] ]acenlcJ][,  analytical efforts are continuing to
Verify the }~IIM rcspoJlsc  is coJlsis[cJ’11  li il]l  I]ic ttlc:isurclncnts. of particular interest  is the
modeliJlg  J~ear the actuator attachl  IICrIl jx)i  III ~, k~( )undary coJ”lditioJls,  and true displacement
behavior of the actuators.

IIadware l<cquircmmfs and Sclw[ioM

“1 ‘lIC design criteria for the t]ad~val  i: wlt,lcd aw that it JIILISt Ineet the contour
rcquircmcnts, bc reliable, and bc cost cj’lti~ti \c. ,$, test pI ogram has bc(’n iJ”op]emented  to assure
the first two requirements. Use of pruvl’1],  OJI’ t} shr]f  c[)[nponcmts  fur[hcr supports the last two
requirements. A two station (two actua[ot:i)  IICL ICC is used for initial testins bccausc  it is easier to
change the set-up, provides the n~~~s:,iit  y Llat; I, . IIId i]l the event of a failure offers less financial
exposure to the prograttl  than does Icstill[’ ~N 1 11], final jlflfxJ] statioJ] device,

‘1’hc actLJator  chosen coJrsists of a~l A< S[C] pL’J II Iotm, dri~in[: a .II’I, dcsi:,ned  double screw-
thread final stage through a gcarhcad  J tdll~t iiln, I ‘hc doul)le screw tht cacl final output supports
the reflcc.tivc sul”fhce and reacts side ]o:lds ~~ ilh(l~)[ put[inf,  the Jnotor output shaft in bcJ)ding,
which could cause the motor to Stii I I,

‘l’he mirror surfaec selection is baslxl o] I tl)~ (1(’~il mat ioJl ] equircmcllts  as we]] as RF (radio
frcqueJ~cy)  considerations. ‘1’hc JmalcI ;:il ])1 ,qxw) ,ss and sllcct thickness are chosen to avoid a “tent
pole” effect around the actuators \vllilc  liiil~i  Ini / ll~g the axial and latcl al fore.cs on the actuators.

“1’hc actuator attachments to t}le p]a[c aT (, 1 it I ii lcd I() Jncthods that Wrould not introduce any
discontinuitics OJ] the front surface of IIJLS  ]l:ltc vi 1 Iich would dqvadc  the }{};  pcrformaJlcc.
Adhesive bonding was selected to J CCIL]CC SLIJ Iiici, (Iefor[i)i{t  ion than can be generated by welding.
The adhesive bol]ding  process Wras appJ i Ia( I I( (1 c ,iutiously since at) eat ]icr cxpcrhnent had
Uncxp]aincd  boJding  fai]urcs.

l’rcliminary ‘J’cst Results

I’rcliminary  tests have been perfo~j]~cd  to dit(I JII!IIC: ( 1 ) tile appJopr;atc  adhesive bonding area
and bonding strcnsth,  (2)cvaltrate II)C cxl)(x[ct{ ci CIC Ii fc, and (3) velify expected force-
displaccmcnt rc]:itionships  on the a{[uo!(~! dc lt~I 11 lld panel,

‘1’hc initial test performed was the adl]csi~u l.c,;t  u ,iJ~g  } IYSOI. 9309.31NA. A major coJlcern was
the peel strength of the adhesive. WC vat Itc,l (I K .lopc on the pull spcci)i~cn  panel around the
bond area to approximate the cxpcc[ed  slop’ {)11 t 1 I( act ml panel to ei~sul  c we. had the same peel
component. As the test pane] frame way s;n:ll  1. a lllinJw~ nl:iteria] was usc(i to approach the same
s]opc by having greater deflection. (’o]~)]  IIUII:(; t{ I results showed wc could obtain //265 pouJlds



strength in the worst case.
‘1’hc two statim device was awcrI  II *1cJ III verify plcciictcd force-displacement

relationships. IJial indicators wtvc ins[i~ll~  d [o vlcasurc  ]mcl deflections, and load cells were
attached to bot}l  studs to mcasute lhc :11 JIJ]W( I fi)J ~’c-. 1 ‘orct’-dcflcction curves were obtained for

two plate thicknesses, .030 ancl .(1’!() iTItlI [lit ct]l~pat~xi  10 plcliminajy a~lalytical  results which
showed agreement to within 10O/O.

‘1’hc next test was the fatigllc tcil u!ill[’, { .040 illcl~ plate in the two station dcvicc  to
simulate the expected motion for all act I):il (.~] d~]l i] Ig a ICI I year period. With cme actuator
disengaged, the other was opcratc(l  for 15.(X)()  c~(lcs at a displaccmcv]t of i /-.040 inch. This
process was rcpcatcd using  the othu  ac[IIa IoI aI ii)r 15,000” cycles + /-. 100 inch. No problems
were encountered during these tests,

Future Work

“1’hc  rcsu]ts  from the two sti~~i(]ll {Itni{:c  i] ]dicatc  that the components sclcctcd  to assemble
the 34-meter antenna lll;l)  are reliable :iwi cost ,ffcclivc.  ‘1’hc  assembly fm the antenna is
expcctcd  to have a maximum of 15 HCIWttII > at Ii to achieve OIIC contour  or a family  of contours
if ncccssary.  l~uture  efforts will bc di[ cc[cci  l~t~~  ;I t d fii]alizinp,  actuator placement, fabricating the
15 station device, and corrc]atinp,  t\~c ]~:{’(lit:t(:d  ;ilid nlcasured flat p]atc contours. once the 15
station dcvicc  is opcratin[:  successfully, ;ir][ril~):~ i)crforlniincc mcasu~cmcnts  will be made to
assess the 1 )10} contribution. UpoI 1 COI!l]  )Irti on, L [TOI [ ~vill  bc dircctcd  toward installing a I)FP
on the 70-meter antenna.


